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. sion of résults asd the1r 1mp11catlons. Cnapter 2 descrlbes the methods by

.Thls fxxal report descrlbes the program conducted to reach these ob]ectlvesr

=

¥\ INTRODUCTION * , S

‘o ”

The major.objectlves,wereé i S e
J

l. Develop, test and opera large geographically dispersed
PLATO IV computer—based cation network serving at least 500
student consoles at several educatlonal institutions at un1vers1ty,
community cnllege and elementary levels. PR .

,ﬁﬂ v ’ ‘ - : AR

2! _Implement an educational program involving educational liadison’ <
(cooperative programs) with participating institutions,, teacher/ . ,
author training, .cupficulum, planning and the development of curri- '
crlar materials. ' - '

~

3. ﬂCarry out a.two-y&ar field teit “and demonstration with the PLATO IV
system providing a substanti component of dlrect computer-based
1nstruction at each 1nst1tutlon. ) e .

4. 1In cdzperation with alqualified external evaluation team, develop-

plans and strategies and assist in' a systematic evaluation during

the\field test period of the educational effectiveness of:.the PLATO"

Iv computer-based education system. 4 . '

q

] -

Th pfogram was centered at the Cbmputer‘based Educatlon Research Laborax\
\
torles (CERL)»at the University of Illinois, but much of the work was performed\‘

P

in associated departments in the;University of Illinois, in other universities,°

.I
-

/ ; . N s ' ‘ ‘ N
in junior colleges,,andﬂln elementary schools.\/Tﬁe report begins in Chapter 1 . _

with a br1ef account of PLATO hlstory, a summary of thexprogram, ‘and a discus-

R

m

which the PLATO’ Serv1ce Organlzatlon prov1des author trainifig, 11alson\ docu—

mentatlon;:Fnd othr serv1ces to allarge user community. Chapter 3 prov1des

-
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) ‘evaluation of system reliability, system.performance, system use, and edu-

“

cationalyeffectiyeness,c“lt‘p7esents, inrdetall,:a case study in elementary:
 mathematics. The next two chapters describe experience in the use of PLATO
) L. ‘ L Co, L ‘ . s
o -in elementary schools; Chapter 4 reports on ele%éntary mathefatics and
[ ! : : . o : .

' Chaptey S'on elementary_reading.' Chapter 6 describes tée community college
ki : ' ; ' ' . . -
o H program project which has introduced PLATO curricula in.accountancy; biology,’

" chemistry, englLsh, and mathematics in five communlty colleges. Chapter 7

0 ’
) o

\ descrbbes the experience with PLATO in the teachlng of physics at the univer-

.

- slty level) Chapter 8 does the same for chemls¥ry Finally, Chapter 9_dis-
, cusses the contlnuous development of systems software for PLATO. R

' A separate report is being prepared by the Educational Testing Service
’ (ETS), the external evaluator. , ' '
¢’ v ' i o )
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7" 4.1 BACKGROUND ) a

- o A

PLATO began in 1960 with a single’ termlnal 1mprov1sed from a used black

. . ] B .
and whlte teleV1slon set, a stoﬁage tube memory and a s;ngle keyset deslgned
~ N (‘J
- and built in the laboratory. This terminal ‘was connécted to the Illiac, an

_' early vacuum tube digital computer, through 1nterface clrcu;try that wavan-'
herlted from an earlier resehrch program. The concept, Stlll valid, was'thaé\-

;he.student would talk to the computer through use of the keyboard, the computer

T would talk to the student by wr1t1ng messages,,alphanumerlc or graphlc, on a

-

> dlsplay surface (the v screen), artd the software would be deslgned so that the.

. .e -4
L3

dlalégue would be meanlngful, and so that it could be hlghly 1nteract1ve. More
‘ Ed

pr clsely, the conputer wrdte the message on the storage tube from wh1ch it was
. . -

scénned at TV rates for dlsplay ‘on the face of the CRT. Or, alternatlvely a
P\
ES

flying spot écanner transferred the image from a&photographlc transparency to
" SN .

the storage.tube. 'The two kinds of" images could be merged on the TV dlsplay

‘;” T 5 ) , T | | 1; -
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was galled PLATO II. _This_early version of PLATO was actually used for

A . [l . . . . .

University departments,vtn a grade schodi and 1n a hospltal, but only 20

. version of PLATO II in whichrth

’
expanslon, but clusters of 12 to .20 terminals allo

y ‘
. plays became better understood, and a basis for the design of a truly expandrf

 able system was prepared. - SR

ey » .

1 . . i ' . e oo
g R / R ot . .o )
The follow1ng year (1961) the system capac1ty was doubled to two ) '&

termlnals, and to dlstlngulsh lt from the orlglnal, the expanded system e

) W

teaching on a small scale,:and, in fact, college.credit was‘given for the

-
first time to students whd took a course using BLATO.. =~ . oy ot m
' , v el
) v ; . . . . L. ) _v" ux"\ mf ” .
St Development based oh this experience led iﬁﬂlate 1963 to PLATO III
PV . o~

L : PR . 3

whlch by March 1966 reached 1ts max imum of‘twenty termlnals dperatlng on-'
%ane slmultaneously. (There were actually 70 termlnals scattered in other

i . .

could be used at one time.) PLAIO III\ was essentlally a well eng1neered

N »

Image.from'anygoneﬁof 122 transparencies'
w o . o .
(loaded at any given»timei could be selected by the computer. Furthermore,

aci L
e . »

thls verslon of PLATO was,1nterfaced dlrectly to a more modern computer, the

k]

CDC 1604 -With the storage tubes at the central combuter and w1de band- v1deo
links from.memory to dlsplayf thls system did not lend‘/

N

chedul;\g\of entire =

- - .
» -t P g

o&as €S More teachers were mot1vated to prepare m ter1al for PLATO and

by 970, four;years later, usage re hed 100,000 rminal. hours. -

v v

- During ten years of producti: se, teachers an :
Lo A . RS - Lon

,’ . . ’ e . . B ,-‘”D : . . . . B B . —." B
selves in the use, potential, and problems of this new meflium. A new language,.
. N i - ‘\ .' .

Q

i

and, at the same timeg to slmpllfy the authorlng prog# ures. -The’kinds and
o', 3, . : . .
amounts of’ computer processlng requlréd for 1nteract1ve use,of - graphrc dls-
u ).‘

’

, T . . S . T . s
The antLC1pa§ed requlrements of thls new system, PLATO IV, st1mulated
’ B
the invention of new hardware that 1ncluded the Plasma Dlsplay Panel (éfflat

, - S A\~ ; .

1ﬁse1f to greater Ce .

s
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panel display dev1ce that could double as a projection screen for ,images

~
. -
-~

stored on microfiche), ‘an advanced graphics terminal, a random access pro-

- . -

jection systém for miCrofiche, a random access audio system for automatically
A - . - . . . - , .

" selecting segments of speech or music under computer\control, a touch entry
- _ . . _
device, a communications system to support terminals over standard telephone
'q R i .‘@ A « R ’ ' ‘ ' . L

“lines, television,channels, or'through microwave transmission, and interface"

e . a

-

. equipmagt tokhandle the input/output requirements of thousands of terminals.
ndustrial development, stimulated by early research at the UniverSity of
( : = v‘ . -
Illinois, brought the Plasma Panel to thE'commercial stage in 1971. The .t
.

other new deVices were developed to- the protqtype stage at CERL by the same
time and were becoming available from commerclal manufac%urers. Finally a

computer, the CDC 650&, was available which, ‘throwgh a rapid block transfer

)

‘rate of 00 million bits per second between main mory,and extended core

e

storage,;”vﬁiﬁ;efficiently support a time sharing com%gnity offhundreds of

_By—the start of the NSF program in Janudry 1872, the basic technology
)‘.";;,-"4'- 4 " . .

: needed for'the PLA%O'IV'system‘aas at hand, and ten ®erminals were connected
td the'system; Hardware research would, of course, be necessary to increase

R / ] .
versatility andfto'aécrease sosts, but further new developments were not ‘re-
L \ 5
\ -
quired to 1mplement PLATO IV on the scale env1$ioned in theﬂNSE program
A A R .
. , "

This was not quite true for software, Although the basic¢ system was

ready i% l97l, it has expected (and proved to be correct) that systems soft-

(o

ware would continue to evolve as both the systems software staff, andfthe user

S T
S

“':“Community geined experience. Software development,ﬁfherefore has been an im-

B .
.portant cbméonent of the program through its entire existence.

ERIC
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1.2 'SUMMARY OF THE PROGRAM

From a beginning of ten terminals on PLATO IV in January 1972, the
number has grown to ‘about 950, with uﬁ to 500 active simultaheously. The

. 3 .. . ~ . .
sites are scattered across Continental United State;; eone terminal is in
- Pl .

. .

Sweden, and terminals have been.connected for demonstration in the Soviet
I * - '

3 . N 7 )
Union, Italy, Rumania, Venezuela, Sweden, France, Germany, and Iran. There

are pré%ently over 2,000 .users of the system who prepare material for PLATO IV,

’

and over 20,000 students are using th system. For the past two years system
usage has exceeded one million terminal hours per year.
. - With this ‘®xpans'ion, system reéliability has remained high with more than

_95? of total scheduled tihe available tdausers. Of apparently more concern *

. ‘

to classroom teachers is the probability of a failure during a class hour,
. ) 1

a figure that tests b%{usér attitude indicéfg should be less than 0.8. Ex-

.cept when har8ware changes have produced'brief periodstof/réiatively'low re-

5

liability, this condition has usually been met.

During jhé expansién of PLATO IV the system has also met design standards

‘

which include an average response time, to key ‘inputs, of about 0.2 seconds,

\ . . . R
and processor loads of about 2,000 instructions per second per terminal for

students. Peak loads for a terminal may be much higher and are well\tolerated
. X ~
by the system. These figures are meaningful, of course, only if the system is

acceptable to users, and if'it provides effective instruction. - User acceptance
) /

has been generally enthusiastic and all available evidence indicates that the

N ‘ } i
system is effective educationally. . '

-

\

To support fhis expansion, CERL has dperated the PLATO Services Organizaf

tion, a group that provides, training for authors both through short courses

’

held in the Laboratory, and through on-line lessons. It has also developed

' . g

an on-line, comprehensive engyclopedia (AIDS) for PLATO and the TUTOR languagc.

O

ERIC o 1
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In addition, it provides consulting services in which a user and a consultant

converse on‘the system by ityping messages which appear instantly at the.bottom

of the displays.' To help in.these consultations the.cohsultant can, with

user consent, view the-hserls display imaces on his' own terminal. These ser- ‘
R - h . 7 -

~vices are widely'used. .For example, in 1975 AIDS was cansulted more than.

D

600,000 times, orwon the average, once every 40 - minutes for each author. This’

group also provides system_documentation and performs the Administrative tasks \

» : : .
. -

.hecessary in the opetation of a 1arge‘system. | - /.
. . ' } .. .
When the development of, neW courses for PLATO is begun, the ‘responsibility

- .
N S

for curriculum and lesson design'genexglly #e§ts with the users. PSO and
. Gt e o .
staff members of CERL are prepared to provide help and guidance. However, in -
\ ‘order to implement the educational ‘Program - of the NSF program, three grdups(

i

were established within CERL, two to work with the'elementary schools. in®
~mathematics and reading, and a third group to work in five subject areas with

community colleges in Illinois. All groups developed and adapted 1nstructlonal

-

materlals, and all malntalned close llalson with classroom teachers and appro-

priate administrators. ,

>

.

The elementary mathematics group produced about 1( hours“of‘instructlonal
material for grades 4 through 6, enough to allow a cpll to work at a* PLATO

crminal one- halfiﬁour a day for a full school year,i The lessons were' d1v1ded .
. 5‘ ‘ . . S
into three "strands", fractions, whole numbers and graphs. These - lessons proved !
' !
‘ v ; _
to be effective and gained high acceptance with teachiers and students. One

problem encountered in this program was a restriction in the allotment of ex-
aQ . 0
tended core storage (ECS) which, in the first year of| the field test, restricted-

the number of lessons that could be available at one time. Expansiom of ECS

n 1975 from one million 60 bit words to two million words cri@ated this

‘problem. . : ‘ . . ' l' . &.

ERIC. o - L5
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.. The elementary reading group developed about 80 hours of ipstxpctional' .

\

. material ahd has provided about 17,000 hours of instruction tovl,225 kinder-

)

garten, .first grade, remedial and'edqcéble ﬁe?télly-reta¥ded students. ~‘Thes?'
1esséps make extensive use of the random accazﬁ audio devicé and the‘micrg—'j
L . P - 1 . )
fiche projector. 'Acpeptance of'PLATO'lessonstas paft of the daily inéiruc-
tion has beeﬁ:enthqsiastic for both teaéhgrS ?nd students. . ‘% ’
N . ° . .' Y ' :

This program engountered two problems. bne s temmed from an é%rly de-

o . b " - ' ’
ciglon to use a relatively complicated computer management system (CMS) to

select lesson. sequences for students on the basis of on-line measures of
[ . . . N .
s

student performanqe. Disparity between what a student had- learned and what .

.

the computer thought he had learned, often led to inappropriaﬁe choices.

A,

Furthermore, the CMS structure allowed for 1it%1e teacher “intervention. At

\ .

least in its prqﬁent form, CMS has been replac?d by a system which can be

. N R \ " :
used by the teacher with‘greatg§ ease and control. A second problem related !

o

to difficulties in early versions of the audio response ufiit, and in the

production of magnetic disks for these,.units. nreliability interfered with
AL . o G S

P A S : e o N - ‘ '
* S - hormal use, and cfﬁbgrSOme methods of producingidisks impeded the development

¢ B N E -

" of lesson material. With further development these problems have how'been

~. N N
- X

resolved. N\
' ‘The community colleége program has been a lafge effort involving 175

'<.teaéhers in'five qommunity colleges, their‘admiﬁisﬁrapors} anq the comﬁﬁnity ‘
collegé'(CC) staff in CERL.Q'From~Septemb?r 197§$ gntil Jﬁne>1976, over
21,000 studenté'participated in the'pfogram,ié%dv?ége?ﬁed over 97,Qoo.h9uré
6f7ingtruqtion>in>époup,400f1es$§h§ in g;ve sﬁbjgcts:(éccqupting,rbiology,

.

qhemistFy, english, and mathematics).’

+

Close liaison was maintained between the colllege, teachers and the CERL
. h N . ;
4 .

staff, but the teachers had complete control of c&urse selectdion, the times
! ’ 8 : i VR ..
. . _ : e

- e N ' [}
PR . l vJ ;

o

Q ’
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o ' and e ways in which PLATO would be used. .. .Teachers also participated‘in the

o T

. - * : - 7/
7 ) review and in some cases in the preparatign of lessons.

‘ ] Response. on the part of studentsjmteachers,'and administrators has been /':

; . enthusiastic, and each community college is continuing the operation f the /,
B PLATO beyond the NSF grant!period ’ : . : ' ) ._ﬂf. Vi -\)ﬁ.
At the University OfﬁIlIIHOIS, the Physics and Chemistry Departments |

‘were. among the earliest td explore the uses of PLATO in undergraduate

A4 .

:gteaching. With NSF support, each department acquired 30 termi%le to form/

) ‘a PLATO IV classroom, and>w1th these faCilities introduced PLATO 1nto the“

: "regular curriculum In each .case PLATO has become an . effective and well '

’ N - .
‘ o : N ’ * ’ ‘/ . - ) <

accepted part of the teaching program

-

-

,In physics, about lOO-hours bf instructional material have been pre:

. . ~ . N . .

' . . o L - ) \ .

pared and have been tested with several thousand students at the University - 3.

. »

fof Illinois and at otHer collegesLand universities. . Student attitudes'as

,\-{V

- '

“measured by examinations have been statisticallx the same as studgg%éper- R

) e .,
: Tana

formance in non-?EATO versions of the same course, despite a decreds n',

* \
‘e

formal_class time. Course development has-emphasized classical mechanics
and modern pPhysics with waves and'optics, topics that are taught as part of
- a three semester sequence at Urbana. Usage reaches a peak in the Spring

’ “ > s : . . . .
semester when. from 250 to 300 students enrell .in the PLATO version of the

1

¢

classical mechanics course: R T T

In chemistry, jover 50 hours of PLATO lessons have been developed for
R gse in teachihg general and“organic chemistry.z By the end of the NSF pro-
e - : Ll S N SN

4 -

gram’ about 1000 students were using PLATO for ‘Gne to two Hours per week.

! .
g .
B -

v}-' '

by
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-

Total usage in the 1975-76 academlc year was over 506\00 t;e:rxnlﬂal Y‘°“rs~

kY

. Suggestions and requests from & large, sophisticgted,, ﬂQ] artlou.late seg

The flgures represent a saturatiorn point for the 30 tﬁ{m lf}a'l classro% _

[y

’ More termlnals are requlred to handle more students.

~ : ‘ -
Thrbughout ' the entire four years of the NSF ProuA ﬂ phe s}’Stem§sth_ O

ware has evolved contlnuously. This has heen true iy Wa%f’ ch@uSQ of ihe

-~

community, andin part as a result of both the respo ‘IQneSS 51—@ lnltlatlve

of an increasingly experienced software staff. «An lmP'\anI‘t rela%d t‘actOr R

-

is that users of the PLATO system’ can communlcate wi- th\pt;hers go eaSlly

4.,

‘the system itself; through notes, conversations and dr’\v’?\nes- Thls Cszx.nuaus )

mteractlon has cont1nuously st:Lmulated addltlons to sc\fhw@fe w‘hlch pl‘ovl-de

new features not preVLously ay lable to the user. En \&’Qaﬂ‘f’le ls the facu_;ty

for creatlng alphanumeric and graphlc 1mages dlrectlly fm ghe dlsplay Slcreep 4
e

i admnlstrative declslons promptly delays in developr—mr\v Q‘gé

through simple- controls. ‘The system- produces riot onlly 6h~e dlsplay, but ’hlso

the correspondlng source language program Other Chanaﬁs pr Qddltlons re'late :

i

" to. system organlz,atlon and even ‘to the structure of thé\ 'I'UCOR 1anguﬁge

[N

1.3 PROBLEMS

C

The problems which have been encountered in the”) P‘\psram geherally

.. 'resulted from the sheer magnltude of the program -1tsel% g’_‘hey lnc],ude
/

/’
deadllnes mlssed because of delays on the part of Ve”da\/& faliure to. make

z

software, tremendously straine® resources, .and other pp\&b v elthef Wldlin. )

[

or outside the control of CERL ~As a result, ~some parl;\ \\;’ths have ern
dlsappolnted or di/sccouraged. ‘On the other hand, whem b\heQ¢ dQ lays han even~

tually been corrected, acceptance and enthuslasm‘ .havezlhsée:;j a}moﬁt unvars'al oo

49‘ o - s / o i

. - . \
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‘Second, the existence of &ﬁé external evaluatjon serlously dlscouraged g
, ) -
‘or prevented efforts to conduct internal evaluation; to avold 1mP051ng too
v 2T . [ Y
great1y on students“and teachers and to avold p0551ble 1nterferenceaglth the

[}

- S w‘

t -

external evaluatlon.

mhe Ehlrd dlfflculty aSSOClated with the approach follgyed by NSF is

Prxﬂe{paliy due” to ﬁhe buﬁden placed on the external evaluator.. In parti--
. . ¢ - ' ~
: Cular becauSe of the»deVelopmental ndture of the program, ity 1s vnESNally

r

N =

‘lmpog#ible for an external evaluator to ’develop an adequatw uhderstandlng of

.. such a program to develop an evaluatl n deslgn. Even if the re uired effort
R ! !

@ )

is expended to develop such. an understandlng and to prescribe meanlngful

evaluatlon obJectlves and'approaches, it is llkely that the nature of the

Program Wlll have changed in the meantime, negating i:he va of tl@ plans
o ,' ’ ..

madefﬁ'Only the orﬁanlzatlon operating the program can hav Pny hope of being
- able to car;y out an evaluation which can keep'current with the program

’evolution- This‘is an extremely difficult task, even for the operating =~ . .

Organlzatlon. In addltlon, the performance of the evaluation by. the program

4

< "".'. e

'1tself would Provide a greater 11ke11hood and capablllty of. u51ng the

.

l

. eValuatlon data in the guidance of -the program. R o

e

If the issue of Ob]eCtlvlty is crltlcal, with regard to-the operation

ti

~

of . an 1nternal evaluation effort, it would seem that the proy151dn of an i < .
' -

= * - g

- external monltor of the evaLuatE‘. could facllltate such objgctlvlty

- ; Y .
In the present case, we feel that valuable data has been lost, effort .

has been wasted, and the pr—?ram has falled to beneth from. data Whlch could

.have been very useful to. the program. - We strongly recommend that ‘the method -

of 1nternal evaluatlon suggested by the above be considered for .future

prOgrams of this type.
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[ . - . ' . . K "
2 The original cost objective for PLATO service (approximately ‘$1.00 = - o
: . ’ (S ' - - . P . . T
‘ a per contact hour in 1976 dollars) has not been met to date; however, sub-'

) ’ e o T
§ . . )

. -
P

. : . S .
' stantial progress has been made in this direction (estimates of present costs °
"are in the :range of $2 to $4 per contact hour), and all signs indicate that

"~ the original objectives are obtainable. Research and development i% pre- ) g
. P e R e Lo
. sently underway-.in both industry and at the University to reduce costszéf -
. o, ! /, R 2 ) B S -
-termlnal equ1pment, computer equipment, and communications. The results of
' .
this development, comblned w1th the cost reductions normglly accompllshgﬁ/’— >
@ ) @
with experlence (learnlng theory), should prov1de cost characterlstlcs wh1ch

w1ll allow very broad dlstrlbutlon of the technology during;the next decade. .

/- ‘ e
~ - Finally, a comment relative to a continuing problem faced in this pro-

v N . . . .
- . ‘- - . M
. e )
. : .. .

gram i$ perhaps warranted, Namely, the problem of evaluation. There is no
. v . ..’, ' - v I ~
question.asﬂti the importance of monitoring development programs of the pre-

r

sent type. This mon1tor1ngushould be 1ncorporated both to deterﬂlne the
//J level of success or failure of the program 3% well as to provide guldance

in the- evolutlon of the program itself. The approach adopted by NSF in thls

7
4

. ! ) . - v .
/ ' a substantial summative component. o . ' < .-
. : .

WThis approach has threer fundamental difficulties. First, thevnature of

program was to c:f:ract w1th an external agency for an evaluatlon hav1ng

4 .

the PLAﬁOFprogram during the period of this effort was highly developmental. _
- N , e

This means that greatest emphasis should be placed on formatlve, rather than .
(=] .
vésummatlve, evaluatlon. The empha51s on summative evaluation cont1nually raises .
L 5 . / i '
& . » . ‘
as to the approprlateness,of-providing the .program with access
-

to evaluatlon data, for. fear that thls data. mlght _be. used to. modlfy the program~—ﬁxné»

n )

in an effort to 1mprove performance. It 1s-qu1te,unfortunate that such a
’ 4 ) . .

situation should exist during a period when the primary intent is to develop

o N ' ,
and make an initial demonstration of a system. W S/

I3 . . N

y - - <y - S ) -
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. 1.4, MAJOR ACCOMPLISHMENTS - L R : / L
; . - | 1 EB. . | . ) ) |
.‘/// The majos act1V1t1es of thlS program ﬁall 1nto seven ategories: - S,
_ . oL ) , ! ;"(é; L \
‘ 1. system. development~ 4 .
1- N . Yoo
. 2. Hardware'development -4 g
- ' 3. oftware_development > -
| - 4.:. 'Systém implementa‘ w, ° L.
p , : Sy 5. Curriculum development, .
. ’ ! _ . : - Applications research - | - -
1, . ey ~ 7. Media developmant S '; . ¢
~ The ~ follpw1ng is a ‘summary of ‘the. major accompllshments accordlng

{ C -

to theseriategorles.

' |

) - 1.4.1 System Development

in addressing a problem"as complexy as CBE (Computer—based Education) .

By ’ ‘S p0

It is’
relatively easy'to.iﬁglement haigware, software, curricular materials, of
. 1 . . . -

instructiona% design.strategiesféqg.fail to make significant progress towards

I ‘the goal of the program. The entire system problem must be addressed.

Ea

In

the case. ‘of CBE the entire sequence, from the initial design of the instruc-

‘

tlonal materlals, to the translation of thls deslgn to code, to the presenta-

_ tion of materlals to students, to the collection of evaluatlon data concernlng

thxs whole sequence, must be addressed as a-51ngle roblem. In addition, =

,evolutlon. In parti—

T R

culay, adequate power and flexlblllty must be 1ncorporated in order to make

1

modif¥cations and improvements 1n_response to experience gained in the appli—
" cation of the medium. Without this latter feature, a program*éan immediately
. ) ) . : b . .

‘o
» .

R -'run-in£o¥a»dead'end,-because'of'theﬁdiscoﬁery"that‘some preconceptionis
either misleading or totally “in error.

3 . . L o . . o
' ' o L d

sy,

O

E
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) medium has been deveIéped which addresses th}slfull spectrum of issues.

’Q l_,3 ] '. ¥
d , o v ; o oL
-./ - . . . '4 \

Perhaps\one of the most importhnt contribdtipns,of the PLATO program %3

{ ’ L. . c oy . ’ -

< -, . . . \ < .. L 'Q',-,
is in/this‘area qf-%ystem,development. fan extremely powerful and flSXible
A .o R T o

B

~ - - ) L . ) ) N \ ‘ .' . /- ... . ‘
sson materials can be created, with relative ease.  The system provides , ) e
- , o ‘v - . . - _“ , . - . q

lpowerful capabilities that aid in this process. xThousands aof persons'7 e ,“
,) \Y ’ . - \: PR
untrg\\\d in instructional design or computer technology have successfully N ‘hA

. . s - v o
éayeloped lnstructlonal\materials ~The interface with th studet& has psoved to

be’ effective gnd enthusiastically accepted The data collection and analy-

‘v\'\\ 5 .

. sis capabilities are broadly and effegtively used. And finally, a powerful

eyolutionarygcapability has been demonstrated This latter is demonstrated

. 7 [ /

through the rapidity of software and hardware development as well as the

‘development of new instructional,techniques‘and new applicatibns and methods_

of utilization which has been and continues to be maintained‘in the program.-

4.2 Hardware Development o o ,T _ S

.’l - soa ) o - S .

The rangelof hardware developed prior to and Quring the'operation of

the present program is substantial. Most of this development took place

H

- L.

outside of the NSF program, howeverh\_ince this program has been essential J§

\
\

to\ the guidance of this hardware development,'it S€ems appropriate tg,summa- , ,

rize it here. ' .

‘ o , ) A
" The implementation of the PLATO system has required the development of

A

a.new. and unique display technologY: the’ plasma drsplay panel~ a powerful,

- - ld

low-cost graphics display terminal~ an interface system to distribute computer

output and receive student/author input 'si ultaneously from hundreds’of termi- .

F)

nals; a communications system to serve, te inals locally distributed over ‘ 2 .

. »a.

< - g 2 ° . %
;
either TV of tWisted pair linkages and to serve terminals remotely distri-

buted through standard telephone'lines, TV, or microwavewlinks;'and a series



’ - ‘. ‘ . . . f'l. ’ .. . -

. C N i St~

‘ - L . l ' s
.. of peripheral devices, including e\random-access slide’ projector, the rand¥m— o
B Y

N\ - !

“ -

access audio deVice, the muSic synthesizer, the touch inputsystem, hard—copy
' 'y INe , e, o

output units, and a variety of specialized instr tional and research deVices. . .

\ 9' ' v ‘&

Present’ developments include a low—cost replacement -for core—based’swapping

R ) [}
“memory, improved communications deVlCES, intell&gent termini}s, portable
{

. . e - ‘ , - ! R
. terminals, "and Voice.recognition and systhesis capabilities. . _ . o L
. N ., N - Y
~ I . : . A + A
- 1.4.3 Software Development: o R _ LN S

- , o
. - . .

. A _ , C y
The PLA['O operating system and the TUTQ? languagefrepresent major .-

. s . . . o . . . . a
deviations from\he mainstream ofésoftware devélopment. Possibly as a re-

\ : sult of this, these developments have often been critizediand'misunderstood .

\&Wby the computer science communitf{ However, during the‘past onle to twofyearéi -

~ as the power and effectivnness of the.system"have been demonstrated 'these
deveIopments have begun to receive more and more’ recognition for mha§¢We
i
belié/e them to be-~very novel and creative approaches which prov{de great . Y
o A

insight ,and progress towards addressing the ‘design of software ?@r systems

intended for use by people who are not knowledgeable in computer technology.

-+ 1l.4.4 sSystem Implementation.ff v .
z . ; w0 _ o B

. - . ., N

Once a system development, With the concomitant hardware, software, ' e

curriculum, etc. .sub- developments, has reached a state of maturity to allow'
Y > .

the initiation of.the "applications.research".phase, the issues of.implemen-

! < . > X '

tation must be squarely addressed. These issues include the development'of

'"“““Lcommercial sources for ‘equipment; the" organizatiQn of support“operations, A= '”xV‘
’ T : . - ‘ v '

. — |
cluding author training and consultation, maintenance, and the procurement

.’ . * - ' ' N ~ I\\
and installation of communications systems, the development of working arrang- :

. ments With participating institutions and. the scheduling of these and a myriad

7

ERiC . S ‘ S N S A s

~
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. of other act1v1t1es to insure Ehat‘functlonlng termlnals appear 1nVc1assrooms

o=~

-

v

£ o i A .. : Y .
o . i . . - ) ’ S
' of hundreds of terminals in more than-a huha!ed;sites in the ‘absence’ -
of prior experiehce with a program-of’this magnitude is not a trivial
S . ' y ‘ ,
~task. -And? indeed, the present progfbm certainly encOuntered a fair -

share of problems as a resu;tT\\bn\the dkher hand, a system of over 900

termlnals, -at more than 140 sltes, funct;onlng w1th a rellablllty factor

“of more than 95%, prov1d1ng more than-a mllllon contact\ hburs per year .

- . ~

or rhstructlonal labo lorles in ‘synchronism with predetermlned academic cal—

’ - endars: ,The~initiati' of suchH a prodram oriented towards the installation

in more than 149 subject areas,_providing a variety of agditional services,

u - includiﬂg'cémmunicatigns features, reseaichhsupport, compotational

. . gécilities? riference_services, consultation,;ﬁaintenance reporting and
‘diagnostics;-and~eva1uatidh data has been.implemepted and operates on an
.around'the year around the clock basis. .
i " SCEN . ' o

1.4.5 Curriculum Development

The currlculum_development programs which have operated durlng the

.
-

perlod Sf the NSF contract have varled in approach from that of an indivi-

dual author 1ndependentlyawriting legson materials to that of relatively
. : . ) N o : &> i ’
o large cilrriculum deﬁelopment groups. The output of these programs has

— *  been -approximately 6000 hours of instrﬁctional material in .moretthan

4

100 subject areas. . The types of materials range from simple drill and

practice lessons to Fomplex student'controllgd simulations. The quality

'

of the materials;rangeMfrom;poorwto superior, and“eachﬂtype of approach

i

has :resulted in materials over this range of quality. Thus, while it is

clear that substantial additiofial work must be aone'in order to -evolve

"

: currlculum development procedures to 1mprove effectlveness and eff1c1ency,

“

R o : el _ ‘ ‘. :
Q . L _ ‘ , .(,-:". - g
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J

by ' . .
. ; . . N .. ~ ] ) ) - n . .
we have Hembnstrated'the sttem capability to operate under a variesy of . -

.

development models. . . s : : " o . - . i

. . : B . s . .
- v . S/ s
« ! e Qo Lo

~ . . . . .

Uy

.5.4:6 Applications Research Y ‘ . . .

‘l . V ’ & v
N : - . / A . =
. Yo . L L ) . 2 )

el -
L

As has been indicated,-.a wide variety of'applications of the system has
' ‘ ’ o .8 ' ~

= been explored. ,Thése range from Utiliza%ipq%Of,teernqls in individual .- &

. R ; " . . L « - e L.
. L] . . . s N - o
4 " v 'R . ’ § . g . ) / o

classrooms, 1n-léarn1ng centers, in offices, and 1n "PLATO" classrooms._ Many- £

-~

models;of use have also been explored, ranglng from cqurﬁes taught essentlally

. 4totally on PLATO, to partlal substltutlon'of PLATO sesslons for'classroom' .; .

K ' sesslons&552\3551gned‘supplementalxsgsS1ons,‘to optional_use of’PLATO in !v ‘ V

oonjuhction'Withlnor@al classrBoQQinstruction{ .Adain, var;inévdegreesfof“ v_~; 8

Y o _ K n ; . s [ [ T

‘ \ success have been  observed in each of these cases;w The:system capabilities - _
- . Y 4 . ‘ ) . - ~

' are adequate to function under ahy of the models;ihowever, this area of .

"applicatiohs research" is an area where a éreat deal-of_additionali;ork |
. - - N S - N . ‘;4,${ L :

must\be done.

Thus, far, we have only begun to explore the nature and degree of

-

- ]

1nstutlonal changes&whlch should be. 1nVest1gated in an- effort]tQJoptlmally
'utlrze th;isistem 1n the accompl;shment of .the educational objectxves of o .' , 2

K d1fferent edycational 1nst1tutlons at the varlous levels of educatlon. We ~

N . J ”

have had relatlvely llttle opportunlty thus far to accompllsh such optlma- ¢ N

. - <.t

.zatlonl and,'ln general, 1t has proved'very d1ff1cult‘for establlshed lnstl-'

™~ - . t

;2 tutlons to\develop a good worklng perceptlon of how thls new medlum relates.\” . . ,
A V4 - B ‘.

,to-rts problems. These issues need to_be explored ca{efully, if the medlum‘

e

«

.- -is to.provide.the. beneflt Whlch has- been qualltatlvely demonstratedvln thls e s
: ’ o, _ . : . - »

' program. » = ° i N ’ o : - ‘

. —~— . . g / . . ) V. R , )

[ ’ ; ~ ) ~ ‘.,'

RN of ! Ce 4? .

.. _ , . o s .
Q . L o ' UL AP
: ‘ .t N LT ;
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1.4.7 Media Development . ) S

AN : _— ‘ v A e e T P
At : ’ h . . ’ L LoTe l.‘; Ve ’ . . '
, Perhaps one of the most exciting and 1mportant_aspedts of the present . :
B 3 \a Lo ) ’
program 'is bue that was noE’antlclpafed\a‘ the 1nceptldn of the pregréé% -

\uch broader than CAI or. CBE,-

e e

. . KN
. Namely, the roots of a new medium, whlch 1s
o : 7 , .

N : » ‘ \

-

have been_established.f Tt\ls\too earl to*%ttempt andfggurate,and complete '.b ';‘

-

/ ‘. ' : > - N ) - .
! ‘ charaﬁterlzatlon of this medlumf ‘Perhaps the best that can be\done at’tnms' :
\ . . . - Y ¥ MRS ., N real. "2' P --_e \
. time is to describe it as a computer-based.information/communications' .
. Y > gg/, ¥ %
work (CICN). 1In addltlon to 1nstructlon, the PLATCMsystem presently prov1des .t
e - , . ERTS e T
a broad,set'of serv1ces lncludang: NS o C ) 1_»~_‘;J: IR
- ; ! . : T e
yo 0. T - R f

{
Electronic mall,_lncludlng text, graphics, and- an1mat10n.
On-line" communlcatlons, including text, graphics, and animation.

—_

3
v

2.
3. Entertalnmeqt, 1ncludiﬁg games, m musical presentations, simulation, e
4. Personal services, including medical,. f1nanc1al, psychologlcal, and \.
_ educational and career plannlng. : : . 1 ‘
. - 5. Research computatlon. - C

6. On- line research, Physical experlments are contnolled by the PLATO
termlnal, and analyzed results are graphically dlsplayed in real\tlmé

o ¢ In addition educatlonal and soc1al research can bé . conducted- on-llne
’ "and in real t1me. n\\- ) : o
7. Data processlng. s L. .
8. Information retrieval. " L T .
b N N e Lo T .

' AN
" In 1976, the PLATO system at. the Unlver51ty of Ill1n01s was electronl- v

» -

. cally llnked to the Contrél Data PLATO system at Arden Hllls, Mlnnesota.
i .
d
Through thlS llnk any termlnal on one systen«fan operate .on. the other system,
g - - -
*so that all of these serV1ces are avallable in'a network" For example, elec-
B

~

- - 'tron1c mall can be dellvered from a termlnal connected to the Urbana éystem

(-

. S - o T . ' s.
. . 5 < . . - < i
In addition, lesson materials, software, and data are .

perhaps in Baltimore). .

transferred from one system to the other through this 1ink. ' . S .

/ ) \

Y N ')- N . C o ] , g - . " ) ‘
O ? - | . ) . . vy ) N \'s . T

EMC _— . . . . . . i‘, ’ <oy
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"

It thus becomes possible-tovvisualiéefa national network of PIATO

.
v -

systems‘providing these and other services to institutions and individuals.’

The ilﬁact of thid. new medium is difficult to estimate, but the potential

for improving communications and ‘access to 1nformation is immense. Pro--
- v

perly applied, this potential can have profound social and economic benefit

“to the nation and to the world. The NSF program discussed in this report has

. . .~

brought computer—based education, and more generally computer—based infor-

-

mation/commhn,cations networks, a large step closer to this vision of the

' .

: _ , ; o
future. ‘ ‘ : .
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2, PLATO SERVICES ORGANIZATION

’ Y
I

”

H

. . . . ,
. «sThe PLATO.Services Organization (PSO) was established in the Fall
of 1973 to provide many of the services'needed by users of the PLATO iV

\

system.  Among these were documentation -of the system and, language; assis-

tance on evaluation questions; training of authors, instructors"aﬁd other

classes of users; allocation of scarce system recources; and géeneral liaison

witlt the user commupity. (Obviously, mdst of these services had existed in

some ‘form in the paét, indeed throughout the'PLATO III and early PLATO IV
eras.‘ PFor much of that time, ﬁilliam Golden.was in charge of genéral }&aison
and resgurcegallocation. Elisabeth Lyﬁan kept records on the ownership of ' ')

files and allocated the terminals controlled by CERL. R. A. Avner assisted
users and CERL oh matters of evaluation. A number of individéals provided
~ ’ ’ -

training for new authors, and James Kraatz devoted most of his time to con-

’ - . I3 N

Sultation with authors on questions concerning the TUTOR ldhgﬁage. ‘The

creation of PSO was, therefore, a matter of expansion and coordination of these

!

”

services rather than the initiation o them.j
By the timé PSO was established, PLATO IV had already achieved a nation-
wide network of users. That fact, the relative inekperience of the users, and

~the unique capgbifities of the"PLATO system suggested that we concentrate on

(=S ~

’ e, - . :
on-line proc res for training and consultation. Other nationwide computer
A 3 ? ‘ . ' . R ¢ R . .
systems existed,‘b&t these could geherally assumeé that their users were familiar

with the terminals and computer languages to be used. Such users need only

o "i N ' // : - | . | : 'f;”/_f//,ﬁ\\\
ERIC- ~ . o | |
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, be téught the peculiarities of the specific system, not t#e system in

its entirety. Also, at most locations novice users could find experts

who might.help them.. In the case of PLATO, our terminalsiwere unusual

and highly sophisticated. The language we used was generAlly unknown.
Some of the'functions, e.g., running classes 1nclugsd/thersetting up of

routers, class rosters, data collection mechanismg, and the analysis of

!

S |
' student  data, have; no .analogs in typical computer usage. tA great manyﬁ

\DA

© of the use‘s were complete novices who had never wgﬁﬁﬁﬁgon a computer.

e »‘ba"k/ R

Finally, the PLATO system, then as now, was undergoﬁnq rapid development
which meant that even experienced users required frequent retraining. Thus,
theientire PLATO community had to be trained from Urbana. These arguments
had already-produced elements of the "aids" system which was to become the
most important part of our system documentationi'
Originally, "aids" wasito be a(set of PLATO lessons that helped users’
understand the TplOR language and simultaneously served as a teference‘
manual for ﬁhe erperienced author whoimight forget details. Some of the
lessons prov1ded interactive" training-by which an author might practice the
use of TUTOR conands before entering them into his own lesson. It has ex-
~

Panded into a rather. complete encyclopedia of PLATO. The'bulk of the con-

tents is still related to details of the TUTOR language, but there dre .sub-
' 2

'stantial portions of other aspects of PLATO: the use of PLATO bibliographiesv

of other sources of information, instructional design considerations, étc.
The PSO author group has devoted more of its time to- the writing and mainte-
nance of "aids" than to any othgﬁhproject. Acceptance by the user community

has been extremely gratifying. ring the Iast complete calendar year for

which statistics are available (1975), "aids" was used by authors more than

600,000 times which meant' that on the average, each” author consulted "aids"

29 1.



\i

' once in 40 minutes. The medn ‘waiting time after an author made a reéuest
and before relevant information began to appear on his screen was 3 seconds.
Current statistics'(August 1976, a rather slow time of the year for PLATO)
show 773:5 users per day requesting answers for 1905 questions. ‘All parts
of‘the "aids" encyclodedia have been completely rewritten several times.,,In

.addition to major rewrites in which whole chapters are reworked so as to

-
better answer the questions we hear users asking, there are daily corrections
to remove errors found by useié and to” keep it an accurate description of
the ever-changing TUTOR language and PLATO system. We usually aohieve our
goal of making relevant changes to "aidgs" within 24 hours.of'the time the »
’ system programmihg‘staff announces new or changed caﬁabilities. | ) - .

. What we have, then, is an encyclopedia of several thousands of pages

(more than 100 separate PLATo lessons) organized into chapters,aeach of N
. , . . \'l .

‘which provides both an overview for the interested reader and individual
. & - . '
! descriptions of TUTOR commands and system capabilities. Access to the. cor-

»

L
/[ . rect description is available to an author in two ways. He may epter the

faids“ lesson as he would any-other lesson, read through the main index
(chapter headings), chodse awchapter,'and then read'through the appropriate

. “
v . . .

sub-indexes until his questions.are/answered. - Authors interested in over-
o "). “ N :

views .are best served this way. The author seeking fine details about some

topic he believes he g®herally understands goes directly to the relevant in-

-
’ . -

formation by entering a keyword or phrase. Typicalfy, the sequence is the

<

following an author is working in the TUTOR editor; he presses the "Q" key
. 7 4 .

and types a key word (even most mi%spellings willibe recognized);:in a few

seconds he is looking at information relevant to his question. When his -

question ha